A New Species and New Synonym in Heptagenia Walsh (Ephemeroptera: Heptageniidae: Heptageniinae) Based on Molecular and Morphological Evidence. by Webb, J. M. et al.
A new species and new synonym in Heptagenia Walsh
(Ephemeroptera: Heptageniidae: Heptageniinae)
based on molecular and morphological evidence.












&2,IURPWKUHHVSHFLPHQVRI H. whitingi QVSZDVFRPSDUHGZLWKWKRVHRIVSHFLPHQV
UHSUHVHQWLQJHLJKWRWKHU1RUWK$PHULFDQVSHFLHVRI Heptagenia,QWUDVSHFLILFVHTXHQFHGLYHUJHQFHV
EDVHGRQ.LPXUDSDUDPHWHU.3GLVWDQFHUDQJHGIURP±,QWHUVSHFLILFVHTXHQFHGLYHUJHQFH
EDVHGRQ.3GLVWDQFHUDQJHGIURP± Heptagenia whitingi QVSGLIIHUHGIURPLWVVLVWHUWD[RQ
H. flavescens :DOVKE\ Heptagenia diabasia %XUNVDQG H. elegantula (DWRQGLIIHUHGIURP
HDFKRWKHUE\RQO\WKHVHWZRDOOHJHGVSHFLHVVKRZDFOLQDOSDWWHUQLQODUYDODEGRPLQDOFRORUDWLRQ
DQGWKHUHDUHQRVWUXFWXUDOGLIIHUHQFHVEHWZHHQWKHVHPDSKRUDQWV2QWKLVEDVLV H. diabasia LVSODFHG
DVDMXQLRUVXEMHFWLYHV\QRQ\PRI H. elegantulaQV\Q
Keywords: '1$EDUFRGH Heptagenia whitingiQHZVSHFLHVQHZV\QRQ\PPD\IO\&2,
Correspondence: MPZ#\DKRRFRPVXQO#SXUGXHHGXPFFDIIHU#SXUGXHHGXYIHUULV#SXUGXHHGX




Cite this paper as:
:HEE-06XQ//0F&DIIHUW\:3)HUULV95$QHZVSHFLHVDQGQHZV\QRQ\PLQ Heptagenia :DOVK
(SKHPHURSWHUD+HSWDJHQLLGDH+HSWDJHQLLQDHEDVHGRQPROHFXODUDQGPRUSKRORJLFDOHYLGHQFHSS Journal
of Insect Science DYDLODEOHRQOLQHLQVHFWVFLHQFHRUJ
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Introduction
0D\IOLHV RI WKH JHQXV Heptagenia :DOVK
+HSWDJHQLLGDH +HSWDJHQLLQDH DUH GLVWULEXWHG
WKURXJKRXW WKH +RODUFWLF ELRJHRJUDSKLF UHDOP
6SHFLHV UHSRUWHG DV Heptagenia IURP 6RXWKHDVW
$VLD DUH DFWXDOO\ PHPEHUV RI RWKHU JHQHUD :DQJ
DQG 0F&DIIHUW\  :HEE HW DO  ,Q
1RUWK $PHULFD  VSHFLHV KDYH EHHQ UHFHQWO\
UHFRJQL]HG DOWKRXJK VRPH RI WKHVH PD\ SURYH WR
EH V\QRQ\PRXV 1R DQDO\WLFDO K\SRWKHVLV RI WKH
UHODWLRQVKLSV DPRQJ WKH 1RUWK $PHULFDQ VSHFLHV
RI Heptagenia KDV EHHQ SURSRVHG 1RQHWKHOHVV
EDVHG RQ FKDUDFWHUV RI WKH JHQLWDOLD WKH VSHFLHV
KDYH EHHQ GLYLGHG LQWR D flavescens JURXS WKDW
LQFOXGHV H. flavescens :DOVK H. townesi
7UDYHU H. marginalis %DQNV H. culacantha
(YDQV %RWWV 	 )ORZHUV H. dolosa 7UDYHU DQG H.
patoka %XUNV DQ elegantula JURXS WKDW LQFOXGHV
H. elegantula (DWRQ H. adaequata
0F'XQQRXJK DQG H. diabasia %XUNV DQG D pulla
JURXS WKDW LQFOXGHV H. pulla &OHPHQV H. julia
7UDYHU DQG H. solitaria 0F'XQQRXJK HJ
7UDYHU  6LPLODU VSHFLHV JURXSV KDYH EHHQ
SURSRVHGIRUWKH3DOHDUFWLFVSHFLHV.OXJH
0DOH DGXOWV RI WKH 1RUWK $PHULFDQ VSHFLHV FDQ
JHQHUDOO\ EH LGHQWLILHG XVLQJ NH\V SURYLGHG E\
7UDYHU  DQG %XUNV  XVLQJ D
FRPELQDWLRQ RI FRORU SDWWHUQV DQG JHQLWDOLF
PRUSKRORJ\ )HPDOHV KRZHYHU FDQQRW FXUUHQWO\
EH LGHQWLILHG WR VSHFLHV ZLWK DQ\ UHOLDELOLW\ .H\V
DYDLODEOH IRU LGHQWLI\LQJ ODUYDH HJ 7UDYHU 
%XUNV  %HGQDULN DQG (GPXQGV  :HEE
HW DO  DUH LQDGHTXDWH DV WKH\ UHO\ DOPRVW
HQWLUHO\ RQ FRORU SDWWHUQV DQG DUH PRVWO\ UHJLRQDO
LQ VFRSH &RPSOLFDWLQJ GLDJQRVWLF LVVXHV DUH GDWD
WKDW VKRZ WKDW GLIIHUHQW HQYLURQPHQWDO FRQGLWLRQV
FDXVH YDULDWLRQV LQ FRORU SDWWHUQV LQ KHSWDJHQLLG
PD\IOLHV LH 0F&DIIHUW\ DQG 3HUHLUD  DQG
WKH IDFW WKDW FRORU SDWWHUQV RIWHQ DUH QRW DSSDUHQW
LQ SUHVHUYHG PDWHULDO 0RUHRYHU WKH ODUYDH RI
VHYHUDOVSHFLHVUHPDLQXQNQRZQ
:H KDYH H[DPLQHG VSHFLPHQV RI D QHZ VSHFLHV RI
Heptagenia IURP ODUJH ULYHUV LQ WKH JUDVVODQGV
DQG SDUNODQGV RI QRUWKFHQWUDO 1RUWK $PHULFD
6SHFLPHQV RI WKLV VSHFLHV KDG SUHYLRXVO\ EHHQ
LGHQWLILHG DV H. flavescens /HKPNXKO 
:KLWLQJ  :KLWLQJ DQG 6KHDUG  :HEE
 :HEE HW DO  %DOO HW DO  7KH
QHZ VSHFLHV GLIIHUV IURP H. flavescens LQ
DEGRPLQDO FRORU SDWWHUQ DQG VOLJKW PRUSKRORJLFDO
GLIIHUHQFHV LQ WKH UHODWLYH VL]H RI DEGRPLQDO VSLQHV
DQGVHWDWLRQ
%HFDXVH WKH PRUSKRORJLFDO FKDUDFWHUL]DWLRQ RI WKH
QHZ VSHFLHV PD\ DSSHDU PLQLPDO ZH VRXJKW WR
FRQILUP LWV GLVWLQFWLYHQHVV IURP RWKHU VSHFLHV E\
HPSOR\LQJ '1$ EDUFRGLQJ %DUFRGLQJ KDV
UHFHQWO\ EHHQ SURSRVHG DV D SRVVLEOH VROXWLRQ WR
VRPH RI WKH SUREOHPV RI WUDGLWLRQDO VSHFLHV
LGHQWLILFDWLRQ +HEHUW HW DO D $ VKRUW
VHFWLRQ DSSUR[LPDWHO\  EDVH SDLUV ES RI WKH
PLWRFKRQGULDO JHQH F\WRFKURPH R[LGDVH , &2, LV
XVHG DV D PDUNHU IRU VSHFLHV LGHQWLILFDWLRQ DQGRU
GLVFULPLQDWLRQ LQ EDUFRGLQJ 6SHFLHV
LGHQWLILFDWLRQV DUH REWDLQHG E\ FRPSDULQJ
XQNQRZQ VHTXHQFHV ZLWK WKRVH FRQWDLQHG LQ D
UHIHUHQFH OLEUDU\ RI VHTXHQFHV REWDLQHG IURP
LGHQWLILHG VSHFLPHQV 7KH DELOLW\ WR VXFFHVVIXOO\
LGHQWLI\ RU GLVFULPLQDWH VSHFLHV GHSHQGV RQ WKH
SUHVHQFH RI D EDUFRGLQJ JDS D GLVWLQFW GLIIHUHQFH
EHWZHHQ LQWUD DQG LQWHUVSHFLILF VHTXHQFH
GLYHUJHQFHV LQ PRVW WD[D WKHUH LV DQ RUGHU RI
PDJQLWXGH GLIIHUHQFH EHWZHHQ WKH WZR +HEHUW HW
DO  %DOO HW DO  7KLV PHWKRG KDV EHHQ
DSSOLHG VXFFHVVIXOO\ LQ PDQ\ LQYHUWHEUDWH WD[D
LQFOXGLQJ PD\IOLHV +HEHUW HW DO D E +RJJ
DQG +HEHUW  %DOO HW DO  0RQDJKDQ HW
DO +DMLEDEDHLHWDO
7KLV VWXG\ KDG WKUHH REMHFWLYHV  GHVFULEH D QHZ
VSHFLHV RI Heptagenia  SURYLGH EDUFRGH GDWD
IRU WKH QHZ VSHFLHV XVLQJ D SDUWLDO VHTXHQFH RI
&2,  SURYLGH SUHOLPLQDU\ GDWD RQ WKH
UHODWLRQVKLSV RI 1RUWK $PHULFDQ Heptagenia
VSHFLHVEDVHGRQ&2,
Taxonomy
Heptagenia whitingi Webb & McCafferty,
new species
Mature larva (in alcohol)
%RG\OHQJWK±PP
Head
%URZQ ZLWK SDOH PDUNLQJV 0HGLDQ SDOH VSRW QHDU
DQWHULRU PDUJLQ XVXDOO\ TXDGUDWH LQ VKDSH
VRPHWLPHV FRQQHFWHG E\ SDOH OLQH WR SDOH VSRW
DQWHULRU WR PHGLDQ RFHOOXV /DWHUDO SDOH VWUHDNV
ZLGH DW ODWHUDO PDUJLQ XVXDOO\ ± ; OHQJWK
RI KHDG FDSVXOH /DEUXP ; ZLGHU WKDQ ORQJ
YHQWUDO VXUIDFH ZLWK VLQJOH URZ RI UREXVW VHWDH
PHGLDOO\ DQG PDQ\ ILQH VHWDH ODWHUDOO\ )LJXUH 
0D[LOOD ZLWK ± FRPE VHWDH RQ DSLFDO PDUJLQ
JDOHDODFLQLD YHQWUDOO\ ZLWK URZ RI ILPEULDWH VHWDH
GRUVRODWHUDOO\ ZLWK GHQVH URZ RI ILQH VHWDH
PD[LOODU\ SDOS ZLWK PDQ\ ORQJ VHWDH RQ ILUVW




1RWXP EURZQ ZLWK SDOH PDUNLQJV )RUH IHPXU
SDOH ZLWK WZR EURZQ WUDQVYHUVH PDUNLQJV RQ
DQWHULRU VXUIDFH KLQG PDUJLQ ZLWK URZ RI ORQJ
ILQH VHWDH DQG ORQJ UREXVW VHWDH DQWHULRU VXUIDFH
ZLWK SDGGOH VKDSHG VHWDH DQG ILQH VHWDH )RUH WLELD
SDOH ZLWK PHGLDQ EURZQ VWULSH VXUIDFH ZLWK
VFDWWHUHG VKRUW ILQH VHWDH URZ RI ORQJ ILQH VHWDH
QHDU ODWHUDO ULGJH ODWHUDO ULGJH ZLWK VKRUW SDGGOH
VKDSHG VHWDH SRVWHULRU ULGJH ZLWKRXW URZ RI ORQJ
ILQH VHWDH )RUH WDUVXV SDOH ZLWK EURZQ VWULSH
EDVDOO\ ZLWK QXPHURXV VFDWWHUHG ILQH DQG SDGGOH
VKDSHG VHWDH 0LGGOH DQG KLQG OHJV VLPLODU WR IRUH
OHJ H[FHSW ZLWK PRUH QXPHURXV VHWDH DQG WLELDH
ZLWK URZ RI ORQJ ILQH VHWDH RQ SRVWHULRU ULGJH




7HUJD EURZQ ZLWK GLVWLQFW SDOH PDUNLQJV )LJXUH
 DQG ZLWK QXPHURXV ILQH VHWDH WHUJD ± ZLWK
SDLUHG SDOH PDUNLQJV PHGLDOO\ WKRVH RQ WHUJXP 
ODUJH DQG UHFWDQJXODU LQ VKDSH SRVWHULRU PDUJLQV
ZLWK EOXQWO\ SRLQWHG VSLQHV DQG ILQH VHWDH VSLQHV
OHVV WKDQ  OHQJWK RI ILQH VHWDH )LJXUH 
6WHUQD PRVWO\ SDOH VWHUQXP  EURZQ ODWHUDOO\
)LJXUH  &DXGDO ILODPHQWV ZLWK ILQH VHWDH
SRVWHULRU PDUJLQ RI HDFK VHJPHQW ZLWK VSLQHV
DSSUR[LPDWHO\  OHQJWK RI VHJPHQW )LJXUH 
DQGVSDUVHUREXVWVHWDH
Male subimago (in alcohol, faded and
damaged)
:LQJOHQJWKPP
Figure 2 Heptagenia whitingi :HEE	0F&DIIHUW\QVSYHQWUDOKDELWXVRIKRORW\SHODUYD
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 3 Heptagenia whitingi :HEE	0F&DIIHUW\QVSYHQWUDOVXUIDFHRIODEUXPVKRZLQJVLQJOHPHGLDQURZRI
UREXVWVHWDHDQGQXPHURXVURZVRIILQHVHWDHODWHUDOO\
%RG\ JHQHUDOO\ \HOORZLVK :LQJV K\DOLQH ZLWK
YHLQV \HOORZLVKEURZQ LQWHUVSDFH RI & DQG 6F RI
IRUH ZLQJ EDVDOO\ ZLWK IHZ SRRUO\ GHYHORSHG FURVV
YHLQV /HJV \HOORZLVK $EGRPHQ EURZQLVK
GRUVDOO\ ZLWK SDLU RI SDOH PHGLDQ PDUNV 3HQHV
ZLWK ZHOOGHYHORSHG GRUVRODWHUDO SURMHFWLRQV
GRUVDO SURWUXVLRQ SUHVHQW RQ HDFK VLGH RI PLGOLQH
DQG ZLWK VKDUS VSLQH WLWLOODWRUV UREXVW &DXGDO
ILODPHQWV\HOORZLVK
Female adult (in alcohol)
%RG\OHQJWKPP
:LQJOHQJWKPP
%RG\ \HOORZLVK VOLJKWO\ GDUNHU GRUVDOO\ :LQJV
Figure 4 Heptagenia whitingi :HEE	0F&DIIHUW\QVSSRVWHURPHGLDQPDUJLQRIDEGRPLQDOWHUJXPVKRZLQJ
UHODWLYHVL]HVRIVSLQHVDQGILQHVHWDH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 5 Heptagenia whitingi :HEE	0F&DIIHUW\QVSVSLQHVRQSRVWHUPDUJLQRIRQHVHJPHQWRIWKHPHGLDQ
FDXGDOILODPHQW
K\DOLQH ZLWK ORQJLWXGLQDO DQG FURVV YHLQV
\HOORZLVKEURZQ LQWHUVSDFH RI & DQG 6F RI IRUH
ZLQJ EDVDOO\ ZLWK IHZ SRRUO\ GHYHORSHG FURVV
YHLQV )LJXUH  /HJV \HOORZLVK $EGRPHQ SDOH
\HOORZLVK WHUJD ± EURZQ SRVWHURPHGLDOO\
6XEJHQLWDO SODWH WUXQFDWH SRVWHULRU PDUJLQ EURZQ
)LJXUH  &DXGDO ILODPHQWV SDOH VOLJKWO\ GDUNHU
EDVDOO\
Figure 6 Heptagenia whitingi :HEE	0F&DIIHUW\QVSIHPDOHDGXOWEDVHRIIRUHZLQJVKRZLQJSRRUO\
GHYHORSHGFURVVYHLQVEHWZHHQ&DQG6F
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 7 Heptagenia whitingi :HEE	0F&DIIHUW\QVSIHPDOHDGXOWVXEJHQLWDOSODWH
Figure 8 Heptagenia whitingi :HEE	0F&DIIHUW\QVSHJJ
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661




&KRULRQ FRYHUHG ZLWK QXPHURXV NQREWHUPLQDWHG
FRLOHG WKUHDGV .&7V WKRVH DW RQH SROH ODUJHU
DQGPRUHQXPHURXV)LJXUH
Material examined
+RORW\SH LQ DOFRKRO /DWH LQVWDU ODUYD 86$
0RQWDQD %ODLQH &R 0LON 5LYHU  PLOHV ZHVW RI
+DYUH DW 86 +Z\  ±
9, :3 0F&DIIHUW\ HW DO GHSRVLWHG LQ
WKH 3XUGXH (QWRPRORJLFDO 5HVHDUFK &ROOHFWLRQ
:HVW /DID\HWWH ,1 3(5& 3DUDW\SHV  ODUYD
VDPH GDWD DQG GHSRVLWLRQ DV KRORW\SH &DQDGD
6DVNDWFKHZDQ 1RUWK 6DVNDWFKHZDQ 5LYHU DW &HFLO
)HUU\ ±  ODUYDH SDUWV RI RQH
VOLGH PRXQWHG LQ &DQDGD %DOVDP 9,
(5 :KLWLQJ -0: 3(5&  PDOH
VXELPDJR ZLWK DVVRFLDWHG H[XYLDH 9,
(5 :KLWLQJ -0: 3(5&  ODUYDH SDUWV
RI  VOLGH PRXQWHG LQ (XSDUDO 9, -0
:HEE -0: 3(5&  IHPDOH DGXOW ZLWK
DVVRFLDWHG H[XYLDH 9,,, -0 :HEE 
ODUYDH 9,,, -0 :HEE 3(5& 1RUWK
6DVNDWFKHZDQ 5LYHU DW %RUGHQ %ULGJH
±  ODUYDH 9 -0
:HEE -0: 3(5& 6RXWK 6DVNDWFKHZDQ
5LYHU DW /HPVIRUG )HUU\ ± 
\RXQJ ODUYDH 9 -0 :HEE 3(5& 
\RXQJ ODUYDH 9,, -0 :HEE
-0: 3(5&  ODUYDH ,; -0
:HEE -0: 3(5&  ODUYDH 9,,
-0 :HEE 3(5&  ODUYDH 9 -0
:HEE -0: 3(5&  ODUYDH ;
-0 :HEE 3(5&  ODUYDH ,9 -0
:HEE -0: 3(5&  ODUYD 9,,
-0 :HEE -0: 3(5& 86$ .DQVDV
:\DQGRWWH &R .DQVDV &LW\ 0LVVRXUL 5LYHU DW WK
6W %ULGJH  ±  ODUYDH SDUWV RI
RQH RQ VOLGH ; .'+( DQG - )U\ 6QRZ
(QWRPRORJLFDO &ROOHFWLRQ /DZUHQFH .6
0LVVRXUL 3ODWWH &R .DQVDV &LW\ 0LVVRXUL 5LYHU
DW WK 6W %ULGJH  ± ODUYD
; .'+( DQG - )U\ 6QRZ (QWRPRORJLFDO
&ROOHFWLRQ /DZUHQFH .6 0RQWDQD 'DZVRQ &R
<HOORZVWRQH 5LYHU DW ,QWDNH ±
ODUYDH;,,5/1HZHOO3(5&
Etymology
7KH VSHFLILF HSLWKHW LV LQ KRQRU RI WKH ODWH (ULF
:KLWLQJ ZKR FROOHFWHG DQG VWXGLHG WKH
+HSWDJHQLLGDHRIFHQWUDO&DQDGD
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661








































































        
H.
adaequata
         
H. nr
townesi
          
H. whitingi
(1)
           
H. whitingi
(2)
            
H. whitingi
(GB)




Heptagenia whitingi LV GLIIHUHQWLDWHG IURP DOO
RWKHU 1RUWK $PHULFDQ FRQJHQHUV E\ WKH SDLU RI
ODUJH UHFWDQJXODU SDOH PDUNV RQ DEGRPLQDO
WHUJXP  )LJXUH  /DUYDH RI WKH QHZ VSHFLHV DUH
VWUXFWXUDOO\ PRVW VLPLODU WR WKRVH RI H. flavescens
EXW LQ H. flavescens WKH VSLQHV RQ WKH SRVWHULRU
PDUJLQ RI WKH DEGRPLQDO WHUJD DUH VKDUSO\
SRLQWHG DQG JUHDWHU WKDQ  WKH OHQJWK RI WKH ILQH
VHWDH )LJXUH  7KH FRORU SDWWHUQ RI VRPH
LQGLYLGXDOV RI H. whiting DQG H. adaequata FDQ
EH VLPLODU EXW WKH URXQGHG SDOH PHGLDQ VSRW RQ
WKH KHDG FDSVXOH RI H. adaequata VKRXOG
GLIIHUHQWLDWH WKH WZR DGGLWLRQDOO\ WKH ZKRUO RI
VSLQHV RQ WKH FDXGDO ILODPHQWV RI H. whitingi DUH
PXFK VKRUWHU WKDQ WKRVH RI H. adaequata DQG WKH
WLELDHRI H. adaequata ODFNDPHGLDQEURZQEDQG
Adults
,W LV QRW JHQHUDOO\ SRVVLEOH DW WKLV WLPH WR LGHQWLI\
VSHFLHV RI Heptagenia EDVHG RQ VXELPDJRV RU
IHPDOHV DQG DV VXFK GLDJQRVWLF FKDUDFWHUV IRU WKH
DGXOW VWDJHV RI H. whitingi FDQQRW EH SURYLGHG
7KH SRVWHULRU PDUJLQ RI WKH VXEJHQLWDO SODWH RI
IHPDOH H. flavescens KRZHYHU LV XVXDOO\ HLWKHU
SDOH RU VOLJKWO\ VKDGHG ZLWK EURZQ DORQJ LWV HQWLUH
OHQJWK ZKHUHDV LQ WKH IHPDOH RI H. whitingi WKH
SRVWHULRU PDUJLQ KDV D GLVWLQFW EURZQ PDUNLQJ
ORFDWHG PHGLDOO\ )LJXUH  7KH ODFN RI GDUN
ORQJLWXGLQDO PDUNV RQ WKH DEGRPLQDO WHUJD RI WKH
DGXOWV GLVWLQJXLVKHV DGXOWV RI H. whitingi IURP
WKRVH RI DOO RWKHU 1RUWK $PHULFDQ Heptagenia RI
WKH flavescens JURXS H[FHSW H. flavescens DQG H.
patoka
Eggs
7KH HJJV H. whitingi GR QRW DSSHDU WR GLIIHU
VLJQLILFDQWO\ IURP 1RUWK $PHULFDQ FRQJHQHUV
6HYHUDO VSHFLHV RI 1RUWK $PHULFDQ Heptagenia
KDYH EHHQ SUHYLRXVO\ GHVFULEHG 6PLWK  .RVV
 EXW WKH GHVFULEHG LQWHUVSHFLILF GLIIHUHQFHV
ZHUH PLQXWH DQG EDVHG RQ WKH VL]H DQG
GLVWULEXWLRQ RI .&7V :H H[DPLQHG HJJV RI VHYHUDO
VSHFLHV XVLQJ WKH OLJKW PLFURVFRSH DQG IRXQG WKDW
HJJV IURP D VLQJOH IHPDOH FDQ YDU\ SDUWLFXODUO\ LQ
WKH GLVWULEXWLRQ RI WKH .&7V ,Q RUGHU WR
GHWHUPLQH LI WKHUH DUH FRQVLVWHQW LQWHUVSHFLILF
GLIIHUHQFHV LQ HJJ VWUXFWXUH IXUWKHU VWXGLHV
XWLOL]LQJ VFDQQLQJ HOHFWURQ PLFURVFRS\ PXVW EH
SHUIRUPHG
Remarks
Heptagenia dolosa H. townesi DQG H. patoka




IHPDOH DGXOW DQG WKH PDOH VXELPDJR KRZHYHU H.
whitingi LV HDVLO\ GLIIHUHQWLDWHG IURP H. townesi
DQG H. dolosa E\ WKH ODFN RI GLVWLQFW ORQJLWXGLQDO
GDUN PDUNLQJV RQ WKH DEGRPLQDO WHUJD
Heptagenia patoka LV RQO\ GHILQLWLYHO\ NQRZQ
IURP WKH KRORW\SH PDOH LPDJR :H H[DPLQHG WKH
KRORW\SH ,OOLQRLV 1DWXUDO +LVWRU\ 0XVHXP
VSHFLPHQ  DQG WKH DEGRPLQDO FRORUDWLRQ
LV VLPLODU WR WKDW RI H. whitingi EXW WKH VOLGH XSRQ
ZKLFK WKH SHQHV DUH PRXQWHG LV PLVVLQJ %DVHG RQ
WKH GHVFULSWLRQV DQG ILJXUHV SUHVHQWHG E\ %XUNV
  KRZHYHU WKHUH GR QRW DSSHDU WR EH
DQ\ GRUVRODWHUDO VSLQHV RU PHGLDO SURWUXVLRQV
ERWK DUH SUHVHQW RQ WKH SHQHV RI WKH VXELPDJR
PDOH RI H. whitingi ,W LV SRVVLEOH WKDW H. patoka
LV DFWXDOO\ HTXLYDOHQW WR Raptoheptagenia
cruentata :DOVK EXW WKLV FDQQRW EH GHWHUPLQHG
XQWLO WKH SHQHV RI WKH KRORW\SH DUH IRXQG
6SHFLPHQV RI H. patoka KDYH DOVR EHHQ UHSRUWHG
IURP ,QGLDQD 5DQGROSK DQG 0F&DIIHUW\ 
EXW WKH\ ZHUH FROOHFWHG IURP ORFDWLRQV ZKHUH R.
cruentata KDV DOVR EHHQ FROOHFWHG DQG WKXV WKHLU
LGHQWLW\LVXQFHUWDLQ
Heptagenia whitingi DSSHDUV WR EH UHVWULFWHG WR
ODUJH ZDUP WXUELG ULYHUV ,Q WKH 1RUWK DQG 6RXWK
6DVNDWFKHZDQ 5LYHUV WKH QHZ VSHFLHV ZDV RQO\
FROOHFWHG RYHU D JUDYHO VXEVWUDWH LQ IDVW ZDWHU
7KLV W\SH RI ULYHU VXSSRUWV D ODUJH QXPEHU RI
VSHFLDOL]HG DQG UDUHO\ FROOHFWHG VSHFLHV VXFK DV
Analetris eximia (GPXQGV Anepeorus rusticus
0F'XQQRXJK Macdunnoa nipawinia /HKPNXKO





Species Number of sequences Mean variation (%) Range (%)
H. flavescens   ±
H. marginalis   











H. culacantha  
H. solitaria   
H. flavescens    
H. marginalis     
H. whitingi      
H. adaequata       
H. nr townesi        
Barcode Analysis
Materials and Methods
DNA extraction, amplification and
sequencing
 VSHFLPHQV ZHUH VDPSOHG UHSUHVHQWLQJ  RI WKH
 SUHYLRXVO\ QDPHG 1RUWK $PHULFDQ VSHFLHV RI
Heptagenia SOXV  VSHFLPHQV RI H. whitingi
7DEOH  7KH VSHFLPHQV KDG EHHQ VWRUHG LQ
HWKDQRO IRU SHULRGV UDQJLQJ IURP OHVV WKDQ RQH
\HDU WR QLQH \HDUV $ SLHFH RI WKRUDFLF PXVFOH RU D
OHJ IURP HDFK LQGLYLGXDO VSHFLPHQ ZDV GLVVHFWHG
DQG ULQVHG LQ 7( S+  $ .RQWHV *ULQGHU ZDV
XVHG WR JULQG WKH WLVVXH LQ  ƫO RI 0ROHFXODU
*ULQGLQJ 5HVLQ *HQRWHFK JELRVFLHQFHVFRP LQ D
 PO PLFURIXJH WXEH 7KH WRWDO JHQRPLF '1$
ZDV H[WUDFWHG XVLQJ ,QVWD*HQH 0DWUL[ %LR5DG
ZZZELRUDGFRP DFFRUGLQJ WR PDQXIDFWXUHU¶V
UHFRPPHQGDWLRQV 7KH PL[WXUH ZDV LQFXEDWHG
RYHUQLJKW DW  & DQG WKHQ ERLOHG DQG
FHQWULIXJHG DV GLUHFWHG E\ WKH PDQXIDFWXUHU 7KH
VXSHUQDWDQW ZDV XVHG DV WHPSODWHV IRU 3&5





UHYHUVH )ROPHU HW DO  ZDV HPSOR\HG IRU WKH
DPSOLILFDWLRQ RI D ES IUDJPHQW RI &2, 7KH
WHPSHUDWXUH DQG WLPH SURILOH LQFOXGHG DQ LQLWLDO
VWHS RI GHQDWXULQJ DW & IRU  PLQ  F\FOHV RI
DPSOLILFDWLRQ ZLWK GHQDWXUDWLRQ DW & IRU 
VHF DQQHDOLQJ DW & IRU  VHF DQG H[WHQVLRQ DW
& IRU  PLQ  VHF DQG D ILQDO VLQJOH H[WHQVLRQ
Table 46SHFLHVLGHQWLILFDWLRQVFROOHFWLRQORFDWLRQV*HQ%DQNDFFHVVLRQQXPEHUVDQGGHSRVLWLRQRIVSHFLPHQV
DQDO\]HG6HTXHQFHVREWDLQHGIURP*HQ%DQNDUHLQGLFDWHGZLWK*%















































H. flavescens  86$,17LSSHFDQRH&R%XVK&UHHNFROO.6KDUS0D\ () 3(5&()
D 7KLVVSHFLPHQUHSUHVHQWVZKDWZHEHOLHYHLVWKHXQNQRZQODUYDRI H. townesi:HZHUHXQDEOHWRREWDLQIUHVK
HQRXJKVSHFLPHQVRIDGXOWVRI H. townesi WRFRQILUPWKLVDVVRFLDWLRQ






VWHS ZKLFK ZDV FDUULHG RXW DW & IRU  PLQ
$IWHU EHLQJ SXULILHG VRPH RI WKH DPSOLILHG '1$
IUDJPHQWV ZHUH VHTXHQFHG E\ DXWRPDWLF
VHTXHQFLQJ DW WKH 3XUGXH *HQRPLFV )DFLOLW\
ZKHUHDV RWKHUV ZHUH FORQHG LQWR WKH S*(07
YHFWRU 3URPHJD ZZZSURPHJDFRP DQG
WUDQVIRUPHG LQWR Escherichia coli VWUDLQ -0
3URPHJD 3ODVPLG '1$ ZDV WKHQ H[WUDFWHG
XVLQJ WKH 4LDSUHS 6SLQ 0LQLSUHS .LW 4LDJHQ
ZZZTLDJHQFRP IURP EDFWHULDO FXOWXUHV
FRQWDLQLQJ LQVHUWV RI WKH H[SHFWHG VL]H DV
GHWHUPLQHG E\ 3&5 &\FOH VHTXHQFLQJ RI SODVPLG
SUHSDUDWLRQV ZDV FDUULHG RXW XVLQJ WKH %LJ'\H
7HUPLQDWRU Y &\FOH 6HTXHQFLQJ .LW 3( $SSOLHG
%LRV\VWHPV ZZZDSSOLHGELRV\VWHPVFRP
IROORZHG E\ DXWRPDWLF VHTXHQFLQJ DW WKH 3XUGXH
*HQRPLFV )DFLOLW\ %RWK VWUDQGV RI '1$ IURP
VHYHUDO FORQHV ZHUH VHTXHQFHG 6HTXHQFHV IRU H.
adaequata DQG RQH VSHFLPHQ RI H. whitingi
UHSRUWHG DV H. flavescens ZHUH REWDLQHG IURP





IRU1RUWK$PHULFDQ Heptagenia VDPSOHVDQGRXWJURXSVSHFLPHQVRI Epeorus DQG Stenacron%RRWVWUDS
YDOXHVJUHDWHUWKDQDUHVKRZQIRUUHVSHFWLYHEUDQFKHV6SHFLHVJURXSPHPEHUVKLSLVLQGLFDWHGE\V\PEROV
ORFDWHGWRWKHOHIWRIHDFKVSHFLPHQ
6HTXHQFHV ZHUH DOLJQHG XVLQJ &OXVWDO: LQ
0(*$ DYDLODEOH IURP ZZZPHJDVRIWZDUHQHW
DQG SUXQHG WR ES WR UHPRYH DPELJXRXV EDVH
FDOOV 7DEOH  VKRZV FROOHFWLRQ ORFDWLRQV DQG
*HQ%DQNDFFHVVLRQQXPEHUVIRUHDFKVSHFLPHQ
Data analysis
$ PDWUL[ RI .LPXUDSDUDPHWHU .3 GLVWDQFHV
ZDV FDOFXODWHG LQ 0(*$ 7DEOH  DQG XVHG WR
FRQVWUXFW D QHLJKERUMRLQLQJ WUHH %RRWVWUDS
DQDO\VLV ZLWK  UHSOLFDWHV ZDV SHUIRUPHG RQ
WKH QHLJKERUMRLQLQJ WUHH XVLQJ 0(*$ 7KH .3
PRGHO LV DSSURSULDWH ZKHQ JHQHWLF GLVWDQFHV DUH
ORZ 1HL DQG .XPDU  DQG KDV SUHYLRXVO\
EHHQ XVHG LQ VWXGLHV RI PW'1$ EDUFRGLQJ HJ
+HEHUW HW DO D E %DOO HW DO  +DMLEDEDHL
HWDO
,QWUDVSHFLILF VHTXHQFH GLYHUJHQFHV EDVHG RQ .3
GLVWDQFH ZHUH FDOFXODWHG DV WKH PHDQ RI DOO
LQWUDVSHFLILF SDLUZLVH GLYHUJHQFHV IRU D JLYHQ
WD[RQ ,QWHUVSHFLILF VHTXHQFH GLYHUJHQFH EDVHG RQ
.3 GLVWDQFH ZDV FDOFXODWHG DV WKH PHDQ RI DOO
SDLUZLVHGLYHUJHQFHVEHWZHHQWZRWD[D
7R LQIHU VSHFLHV UHODWLRQVKLSV D PD[LPXP
SDUVLPRQ\ DQDO\VLV ZDV FRQGXFWHG LQ 3$83

YE 6LQDXHU $VVRFLDWHV 6XQGHUODQG 0$
6HTXHQFHV RI WZR RWKHU +HSWDJHQLLGDH REWDLQHG
IURP *HQ%DQN ZHUH XVHG DV RXWJURXSV Epeorus
fragilis 0RUJDQ *HQ%DQN DFFHVVLRQ
$< D PHPEHU RI WKH 5KLWKURJHQLQDH DQG
Stenacron interpunctatum 6D\ *HQ%DQN
DFFHVVLRQ $< D PHPEHU RI WKH




6HTXHQFHV ZHUH REWDLQHG IURP PRUH WKDQ RQH
VSHFLPHQ IRU WKUHH RI WKH QLQH VSHFLHV VDPSOHG
,QWUDVSHFLILF VHTXHQFH GLYHUJHQFH UDQJHG IURP
± 7DEOHV   )LJXUH  0HDQ
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH LQWUDVSHFLILF VHTXHQFH GLYHUJHQFH ZDV 
,QWUDVSHFLILF GLYHUJHQFH ZDV  IRU ERWK H.
whitingi DQG H. flavescens $OO RI WKH VSHFLPHQV
RI H. whitingi ZHUH IURP WKH VDPH ORFDOH ZKHUHDV
HDFK RI WKH H. flavescens VSHFLPHQV ZDV IURP D
GLIIHUHQW ORFDWLRQ LQGLFDWLQJ WKDW VHTXHQFH
GLYHUJHQFH ZDV DSSUR[LPDWHO\ HTXDO ZLWKLQ DQG
DPRQJ SRSXODWLRQV *HRJUDSKLF GLVWDQFH ZDV QRW
UHIOHFWHG E\ WKH GLVWDQFH GDWD LH H. flavescens
 IURP 6RXWK 'DNRWD ZDV PRUH VLPLODU WR H.
flavescens  IURP ,QGLDQD WKDQ LW ZDV WR HLWKHU
H. flavescens  RU H. flavescens  IURP 6RXWK
'DNRWD DQG 1HEUDVND UHVSHFWLYHO\ ,Q HYHU\
VSHFLHV IRU ZKLFK PRUH WKDQ RQH LQGLYLGXDO ZDV
DYDLODEOH WKH VSHFLHV ZDV PRQRSK\OHWLF LQ HYHU\
WUHH
Interspecific sequence divergence
,QWHUVSHFLILF VHTXHQFH GLYHUJHQFH EDVHG RQ .3
GLVWDQFH UDQJHG IURP ± PHDQ 
7DEOHV   )LJXUH  :LWK WKH H[FHSWLRQ RI WKH
H. elegantula ±H. diabasia FRPSDULVRQ
GLYHUJHQFH    DOO VSHFLHVSDLUV GLYHUJHG E\
! DQG WKHUH ZDV QR RYHUODS ZLWK LQWUDVSHFLILF
VHTXHQFH GLYHUJHQFHV 7KH ORZ GLYHUJHQFH
EHWZHHQ H. elegantula DQG H. diabasia UHIOHFWV
WKHLU GXELRXV VSHFLILF VWDWXV VHH 'LVFXVVLRQ
:KHQ WKH H. elegantula ±H. diabasia SDLU LV
H[FOXGHG IURP WKH DQDO\VLV PHDQ LQWHUVSHFLILF
VHTXHQFH GLYHUJHQFHV UDQJHG IURP ±
PHDQGLYHUJHQFH 
Species relationships
7KH PD[LPXP SDUVLPRQ\ DQDO\VLV UHWXUQHG VL[
PRVW SDUVLPRQLRXV WUHHV 7KH WRSRORJ\ RI WKH
VWULFW FRQVHQVXV WUHH RI WKH PD[LPXP SDUVLPRQ\
UHVXOWV )LJXUH  ZDV ODUJHO\ VLPLODU WR WKDW RI
WKH QHLJKERUMRLQLQJ WUHH )LJXUH  WKH RQO\
GLIIHUHQFH EHLQJ WKH XQFHUWDLQ SODFHPHQW RI H.
culacantha LQ WKH PD[LPXP SDUVLPRQ\ DQDO\VLV
$ PD[LPXPOLNHOLKRRG DQDO\VLV QRW VKRZQ ZDV
DOVR VLPLODU WR WKH QHLJKERUMRLQLQJ DQG
PD[LPXPSDUVLPRQ\UHVXOWV
7KH elegantula JURXS ZDV IRXQG WR EH
PRQRSK\OHWLF LQ ERWK WKH QHLJKERUMRLQLQJ DQG
PD[LPXP SDUVLPRQ\ DQDO\VHV )LJXUHV  
7KH PD[LPXPOLNHOLKRRG UHVXOWV GLIIHUHG LQ WKDW
H. solitaria ZDV WKH VLVWHU JURXS RI WKH H.
elgantula  H. diabasia FODGH UHVXOWLQJ LQ D
SDUDSK\OHWLF elegantula JURXS QRW VKRZQ 7KH
flavescens JURXS ZDV SDUDSK\OHWLF LQ DOO DQDO\VHV
Heptagenia flavescens DQG H. whitingi ZHUH
IRXQG WR EH VLVWHU WD[D LQ DOO DQDO\VHV DV ZHUH H.
marginalis DQG H. QU townesi
Discussion
$V ZDV VXJJHVWHG IRU PD\IOLHV LQ JHQHUDO %DOO HW
DO  ZH IRXQG WKDW VHTXHQFHV RI &2,
VXFFHVVIXOO\ GLVWLQJXLVKHG EHWZHHQ VSHFLHV RI
Heptagenia EHFDXVH LQWUD DQG LQWHUVSHFLILF
VHTXHQFHV GLIIHUHG E\ DW OHDVW DQ RUGHU RI
PDJQLWXGH LQ QHDUO\ HYHU\ VSHFLHV FRPSDULVRQ
$GGLWLRQDOO\ HYHU\ VSHFLHV IRU ZKLFK ZH KDG PRUH
WKDQ RQH VSHFLPHQ ZDV VWURQJO\ VXSSRUWHG DV
PRQRSK\OHWLF 7KH RQO\ VSHFLHV SDLU WKDW VKRZHG
ORZHU WKDQ H[SHFWHG GLYHUJHQFH ZDV H. elegantula
YV H. diabasia 0RUSKRORJLFDOO\ WKHVH VSHFLHV
DUH DOPRVW LGHQWLFDO ZLWK DGXOWV GLIIHULQJ RQO\ E\
WKH VKDSH RI D PDUNLQJ RQ WKH IURQV DQG ODUYDH
GLIIHULQJ RQO\ LQ WKH H[WHQW RI SDOH VSRWWLQJ :H
KDYH IRXQG QR VWUXFWXUDO GLIIHUHQFHV LQ DQ\ RI WKH
OLIH VWDJHV 'LIIHUHQFHV LQ JHQLWDOLD LQGLFDWHG E\
%XUNV   DUH QRQH[LVWHQW Heptagenia
elegantula LVNQRZQDVDZHVWHUQVSHFLHVZKLOH H.
diabasia LV NQRZQ DV DQ HDVWHUQ VSHFLHV 7KHLU
UDQJHV KRZHYHU RYHUODS FRQVLGHUDEO\ WKURXJKRXW
FHQWUDO 1RUWK $PHULFD HJ 0F&DIIHUW\ HW DO
 :KLWLQJ  DQG :HEE 
VXJJHVWHG WKDW WKHVH WZR VSHFLHV K\EULGL]H LQ
6DVNDWFKHZDQ EHFDXVH ODUYDH DQG DGXOWV ZLWK
FRORU SDWWHUQV LQWHUPHGLDWH EHWZHHQ WKH W\SLFDO
IRUPV IRU HDFK VSHFLHV ZHUH FRPPRQO\
HQFRXQWHUHG :H KDYH REVHUYHG VLPLODU
LQWHUPHGLDWH IRUPV FRRFFXUULQJ ZLWK W\SLFDO
IRUPV RI HDFK VSHFLHV LQ 1RUWK 'DNRWD 6RXWK
'DNRWD DQG 1HEUDVND %DVHG RQ WKH FOLQDO DQG
LQFRQVLVWHQW FRORUDWLRQ GLIIHUHQFHV DQG DQ
DEVHQFH RI PRUSKRORJLFDO GLIIHUHQFHV DPRQJ
SRSXODWLRQV DVVLJQHG WR WKHVH VSHFLHV WRJHWKHU
ZLWK &2, GLYHUJHQFH FRQVLVWHQW ZLWK LQWUDVSHFLILF
YDULDELOLW\ ZH SODFH H. diabasia DV D MXQLRU
VXEMHFWLYHV\QRQ\PRI H. elegantulaQV\Q
7KH ODUJH JDS PRUH WKDQ DQ RUGHU RI PDJQLWXGH
EHWZHHQ WKH LQWUDVSHFLILF DQG LQWHUVSHFLILF
EDUFRGH GLYHUJHQFH LV YDOLGDWLRQ WKDW H. whitingi
LV GLVWLQFW IURP H. flavescens ZLWK ZKLFK LW KDV
EHHQ LQFOXGHG LQ WKH SDVW LH /HKPNXKO 
:KLWLQJ DQG 6KHDUG  :HEE  %DOO HW DO
 Heptagenia flavescens DQG H. whitingi
KDYH VOLJKWO\ RYHUODSSLQJ UDQJHV LQ FHQWUDO 1RUWK
$PHULFD EXW ZH KDYH QRW REVHUYHG DQ\ VSHFLPHQV
ZLWK D FRORU SDWWHUQ LQWHUPHGLDWH EHWZHHQ WKH WZR
VSHFLHV DQG WKH GLIIHUHQFH LQ WKH UHODWLYH VL]H RI
WKH VSLQHV DQG VHWDH RQ WKH SRVWHULRU PDUJLQ RI
WKH DEGRPLQDO WHUJD VHHPV WR EH FRQVLVWHQW DV
ZHOO
7KLV VWXG\ SURYLGHV D SUHOLPLQDU\ DQDO\VLV RI WKH
UHODWLRQVKLSV DPRQJ VSHFLHV RI 1RUWK $PHULFDQ
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Heptagenia $OWKRXJK ZH ZHUH XQDEOH WR REWDLQ
XVDEOH '1$ IURP H. julia H. patoka H dolosa
H. pulla RU DQ\ SRVLWLYHO\ LGHQWLILHG VSHFLPHQ RI
H. townesi EDUFRGH GDWD IRU DW OHDVW RQH VSHFLHV
RI HDFK VSHFLHV JURXS ZDV DQDO\]HG Heptagenia
julia DQG H. dolosa DUH GRXEWIXOO\ JRRG VSHFLHV
KRZHYHU VR WKHLU DEVHQFH ZRXOG KDYH KDG D
PLQLPDO HIIHFW RQ WKH DQDO\VLV 7KH PRQRSK\O\ RI
WKH elegantula JURXS ZDV VXSSRUWHG /DUYDH RI H.
solitaria DUH PRUSKRORJLFDOO\ PRUH VLPLODU WR
WKRVH RI WKH elegantula JURXS WKDQ WKH\ DUH WR
WKRVH RI WKH pullaJURXS XQSXEOLVKHG ZLWK
ZKLFK WKH\ KDYH WUDGLWLRQDOO\ EHHQ LQFOXGHG
%HFDXVH ZH ZHUH QRW DEOH WR REWDLQ VHTXHQFHV
IURP HLWKHU H. pulla RU H. julia ZH DUH XQDEOH WR
GHWHUPLQH WKHLU UHODWLRQVKLS WR H. solitaria, WL V
QRW VXUSULVLQJ WKDW WKH flavescens JURXS ZDV
IRXQG WR EH SDUDSK\OHWLF LQ DOO DQDO\VHV 7KH
FKDUDFWHU GHILQLQJ WKH JURXS WKH ZLGHO\ GLYHUJHQW
SHQLV OREHV LV OLNHO\ SOHVLRPRUSKLF DV WKLV IRUP LV
DOVR IRXQG LQ WKH FORVHO\ UHODWHG JHQXV
Raptoheptagenia :KLWLQJ 	 /HKPNXKO :DQJ
DQG0F&DIIHUW\
:KLOH D WHVW RI EDUFRGLQJ ZDV QRW DQ REMHFWLYH RI
WKLV VWXG\ WKH UHVXOWV FRQIRUP WR WKH JHQHUDOO\
REVHUYHG JDS EHWZHHQ LQWHU DQG LQWUDVSHFLILF
VHTXHQFH GLYHUJHQFH 8VLQJ EDUFRGHV LW VKRXOG
QRZ EH SRVVLEOH WR LGHQWLI\ SUHYLRXVO\
XQLGHQWLILDEOH OLIHVWDJHV RI Heptagenia VXFK DV
VXELPDJRV DQG IHPDOHV )XUWKHUPRUH EDUFRGHV
FDQ EH XVHG IRU WKH DVVRFLDWLRQ RI ODUYDO DQG DGXOW
VWDJHV RI D VSHFLHV ZLWKRXW KDYLQJ WR UHDU
VSHFLPHQV
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